Abstract We explore the relationship between farming practice changes made by households coping with the huge demographic, economic, and ecological changes they have seen in the last 10 years and household food security. We examine whether households that have been introducing new practices, such as improved management of crops, soil, land, water, and livestock (e.g. cover crops, microcatchments, ridges, rotations, improved pastures, and trees) and new technologies (e.g. improved seeds, shorter-cycle and drought-tolerant varieties) are more likely to be food secure than less innovative farming households. Using data from a baseline household survey carried out in five sites and 700 households in four countries of East Africa (Kenya, Uganda, Tanzania and Ethiopia) across a range of agricultural systems and environments, this study contributes to the evidence base of what smallholders are doing to adapt to changing circumstances, including a changing climate. Lessons from both similarities and differences across sites are drawn. This unique baseline study provides a wide range of indicators of activities and behaviors that will be monitored over time. We found that many households are already adapting to changing circumstances, and their changes tend to be marginal rather than transformational in nature, with relatively little uptake of existing improved soil, water and land management practices. There is a strong negative relationship between the number of food deficit months and innovation, i.e. the least food secure households are making few farming practice changes. This has very different policy and investment implications depending on assumptions made as to the direction of causality.
Introduction
Farming households in many parts of the world, including East Africa, have faced huge changes and challenges during the first decade of the 21st century, including continuing high population growth, food price spikes, declining soil Electronic supplementary material The online version of this article (doi:10.1007/s12571-012-0194-z) contains supplementary material, which is available to authorized users. fertility and crop yields, poor market access, constrained access to land, and high inflation (Nelson et al. 2010; Yamano et al. 2011; Jayne et al. 2006) . Both poverty levels and household food insecurity are rising across East Africa (Charles et al. 2010; Kristjanson et al. 2010 ; Thornton et al. 2011) .
Climate change is adding another challenge on top of these others. Africa's climate is warmer than it was 100 years ago and model-based projections of future greenhouse gas induced climate change for the continent project that this warming will continue, and in most scenarios, accelerate (Hulme et al. 2001; Christensen et al. 2007) . Van de Steeg et al. (2009) highlight the difficulties and higher uncertainties around precipitation projections for the East Africa region, but an increase in rainfall is projected for the core of the Horn of Africa region, east of the Great Lakes (Thornton et al. 2008) , although extreme events (e.g. floods and droughts) are likely to increase in frequency in some areas, particularly in the north-east of the this region. Some analyses of long-term historical weather data for the region show a drying trend, and others no change in rainfall at all (Hulme et al. 2001; Christensen et al. 2007; Funk et al. 2008; Williams and Funk 2011) .
Farmers in East Africa have always faced high rainfall variability, both within and between seasons, and we know that their farming systems have not been static (Cooper and Coe 2011) . They have been testing and adopting new agricultural practices over many years. Clearly coping better with the kinds of climatic variability they already face is critical to adapting to future climate change (Cooper et al. 2008) . These changes in agricultural practices include improved crop, soil, land, water and livestock management systems, such as introducing crop cover, micro-catchments, ridges, rotations, improved pastures, planting trees, and new technologies such as improved seeds, shorter cycle varieties, and drought tolerant varieties. There is plenty of evidence for the link between such improved farming practices and coping with climate variability (Hellmuth et al. 2007; Adejuwon 2006) . Other work in East Africa shows clearly that diversification of options at the household level is critical for incomes and food security: the households that are engaged in more cropping and non-agricultural activities tend to be better off than those that are engaged in fewer (Thornton et al. 2007 .
Much is also known about the relationship between food security and on-farm productivity. The importance of pursuing increases in agricultural productivity, while at the same time decreasing the environmental footprint of agriculture, has been noted as key to addressing food security issues (Obersteiner et al. 2010; UNEP-UNCTAD 2008 ). Yet technical fixes by themselves are not going to do the job (i.e. they are necessary but not sufficient). Ingram et al. (2009) emphasize the importance of taking an integrated food system approach that goes beyond addressing agricultural practices, in which there are many under-explored research areas. Understanding local effects of global price variability and volatility on food (in)security and a greater understanding of how appropriate governance of food systems can ameliorate food insecurity are critical (Ingram et al. 2009 ). Thus the notion of food security is complex, but agricultural production is widely seen as a key component. Given the high levels of self-sufficiency in most smallholder systems, understanding how smallholders can increase production and how this affects food security is critical, at the very least because it will lead us to what else is critical to achieve food security.
There is evidence from East Africa as to the changes in practices that have been occurring, and the factors influencing them, regarding particular commodities (e.g. Mukhopadhyay et al. 2011; De Groote et al. 2002; Shiferaw et al. 2011; Burke et al. 2007; Verchot et al. 2006 ) and soil, water, land management practices (e.g. World Bank 2009; Yamano et al. 2011; Nkonya et al. 2011; Place et al. 2006; Barrett et al. 2002) .
The relationship between changes in agricultural practices and food security at the household level has seldom been examined, however. Are households that are more innovative, i.e. in terms of changing their farming practices to cope with (or better exploit) their changing circumstances, more likely to be food secure than less innovative farming households? We attempt to address this question and research gap through an examination of a household-level baseline survey recently undertaken with 700 households in 35 villages in Kenya, Uganda, Tanzania and Ethiopia for a new research for development program on Climate Change, Agriculture and Food Security (CCAFS). CCAFS is a research for development collaboration between the Consultative Group on International Agricultural Research (CGIAR) and the global change community, scientists working on global environmental and climate change issues in various institutions and programs all over the world (Vermeulen et al. 2011) . Among other things, CCAFS is interested in identifying and evaluating the trade-offs farmers face as they attempt to deal with risks due to climate variability and the implications for food security at the household as well as national levels .
We use this rich household data set to explore the relationship between changes in agricultural and natural resource management practices being made by farming families across East Africa and household food security. We look for empirical evidence that can support or refute the hypothesis that more innovative households (i.e. those that have made more changes in their farming practices) are more food secure. We examine what factors are related to food security and changes in agricultural practices. We also explore just what types of farming practice changes are being made, as this cross-site analysis can contribute to an enhanced understanding of the kinds of changes farmers are currently making, providing policy-makers evidence as to the types of investments that could be encouraged and supported for helping farming households deal with a changing climate.
Methods and data
A baseline rural household-level survey designed by the CCAFS team was implemented in late 2010/early 2011 in three regions: East Africa, West Africa and South Asia. One of the objectives of this survey was to develop simple, comparable cross-site household-level indicators, for which changes can be evaluated over time, of food security, household assets, diversity in on-farm agricultural production and sales, adaptation/innovation, and farming practices that also can mitigate the impacts of climate change through reducing greenhouse gas emissions. Here we report on an analysis of the East African data.
The same questionnaire (available at www.ccafs.cgiar.org/ resources/baseline-surveys) was implemented at five sites in four countries in East Africa (Kenya, Uganda, Ethiopia, Tanzania), covering 35 villages and 700 households. By "site" we mean a rectangular block of land measuring approximately 10 km by 10 km (30 km by 30 km in Ethiopia). Figure 1 shows these sites, and Table 1 gives a brief summary of climate, farming systems, main crops and livestock produced and major resource constraints faced. A more detailed description of these sites can be found at: www.ccafs.cgiar.org/ where-we-work/east-africa.
Sampling The CCAFS baseline study was designed to look at household and community level indicators and processes, and hence required a design with both household and communities (villages) as study units. Other components of the project required information about land (such as the extent of practices that affect greenhouse gas emissions or soil carbon). These are best measured through a land-based measurement scheme, rather than household measurement. While it is sometime possible to convert between the two, it is not easy. For example, realistic assessment of the extent of greenhouse gas mitigating practices can only be made by collecting data on all (or a properly defined statistical sample of) plots for each household, yet this is beyond the scope of a baseline survey. For this reason, we chose to link our sampling frame to a standard protocol for land assessment related to degradation, carbon, etc. that has been developed (www.africasoils.net) and already used in one of CCAFS's East African sites, and is increasingly being adopted by other projects. The basic sampling unit used is a 10x10km block. This will allow an overlaying of the socioeconomic data collected with the 'land health' measures collected at the same sites. This challenging cross-scale work is underway.
The set of research sites was chosen in a highly participatory manner with a wide range of partners (including NARES, NGOs, government agents and farmers' organizations), based on the following criteria: a range of key biophysical and agro-ecological gradients, agricultural production systems, a gradient of anticipated temperature and precipitation changes, established agricultural research partners, long-term socio-economic and weather data, a network of regional partners to facilitate scaling up, and sites that have mitigation and/or carbon sequestration potential. They were also judged by expert opinion to represent a wide range of conditions faced by many rural farming households across each region. Once the blocks were chosen and mapped, all villages within the block were enumerated and seven villages were randomly chosen within the block, and in turn 20 households within each village were randomly chosen (from new and complete lists of all households within the villages that were generated and used). These sample sizes were determined based on the fact that what we are interested in measuring is relatively large, rather than incremental, changes in the chosen indicators over a five-to-ten-year period (e.g. percentage of farmers planting trees increasing from 50 to 70, percentage of households with no food deficit months increasing from 40 to 60). In order to capture cross-village variation, many villages were randomly selected, with relatively few households per village, rather than just a few communities with many households (typically done in in-depth household surveys). See www.ccafs.cgiar.org/resources/baseline-surveys for more details on the sampling frame.
The random selection of villages and households ensures the samples statistically represent the sites. The purposeful selection of research sites, which is standard practice in most research of this type, means that sampling principles cannot be used to demonstrate that results are applicable beyond those sites. However, they were chosen to be representative of the major farming systems and agro-ecological zones found in the E Africa region.
Because this was a baseline survey implemented across a wide range of locations and farming systems with an objective of gathering relatively simple but comparable indicators, the information gathered on any one complex topic, such as food security, was not as in-depth as is possible in location-specific household surveys. We ensured that all the survey team leaders and their teams received comprehensive training together in order to enhance the comparability of results across countries and sites.
Food security survey information First, households were asked about each month of the year, for a 'normal' year (i. e. not a drought or exceptional rainfall year), whether the food they access normally comes from their own farm or stores during that particular month, or mainly from other sources (e.g. purchased from the market, food aid, gifts). Second, they were asked which months of a typical year they struggle to find sufficient food to feed their families, from any source (the 'food deficit months').
1 The number of food deficit months is the variable used in this analysis, although we recognize that respondents' perceptions of food needs is a partial and imperfect proxy of food security, a broad and highly complex concept (Ericksen 2008) .
Innovativeness information Households were queried about what changes they had made over the last 10 years with respect to a wide range of practices, relating to crop type, variety type, land use and management practices, and farm animal/fish management practices (there are a large number of possibilities -see Table 1 in supplementary information). The total number of changes made gives an indication of how much experimentation and adoption of new practices has been undertaken by each household and was thus used as a proxy for innovativeness.
Analysis of relationship between innovativeness and food security
The relationship between household food security (proxied by number of food deficit months) and innovativeness (measured by the number of farming practice changes made over the last 10 years) is a complex one that likely goes in both directions. In other words, we have no a priori information as to whether more innovative households are more food secure as a result of innovation, or more food secure households (in the first place) are better placed to subsequently innovate. Thus we took several approaches to examine it. First, the variation in number of food deficit months and number of farming practice changes was plotted by village and site. Next, the household data from all five sites were merged and the number of farming practice changes plotted against the 1 While household-level food security is defined and measured in different ways, we follow Pinstrup-Andersen 2009, in considering a household to be food secure if it has the ability to acquire the food needed by its members to be food secure. As discussed by PinstrupAndersen, however, this does not mean that individual household members are necessarily food or nutritionally secure. number of food deficit months. This relationship was then further explored by fitting two models to examine which factors are significant in explaining variation in: 1) food security, and 2) innovativeness, across households.
The data were analyzed using the explanatory variables presented in Table 2 . Two different models were fitted, one with food deficit months as the dependent variable and innovativeness included as an explanatory variable (Model F), and the second with innovativeness as the dependent variable and food deficit months as one of the explanatory variables (Model I). Both a general linear model (glm) and log-linear models were fitted. Based on residual analysis, both modeling approaches showed a satisfactory fit to the data. The results of the glm were used for this paper. Both models started with the same set of explanatory variables. The model was evaluated with a Wald test (RWALD). The advantage of RWALD is that the model does not have to be refitted (excluding each variable) to calculate F statistics and probability. It thus provides a much more efficient method of assessing the model. Variables with a Wald statistic below 3.84 (the 5 % significance threshold) were excluded from the model if their inclusion resulted in a change in the percentage variance accounted for (R 2 ), to prevent overfitting of the model. Other variables that were above the 5 % significance level, but without an effect on the overall R 2 of the model, were kept in the model for reasons of comparison. The analysis was carried out using Genstat Version 14.
Results

Food deficit months and innovativeness
All five sites differed with respect to households experiencing food deficit months. The highest number of food deficit months was reported from Borana (Ethiopia), with an Droughts, water *Survey results; households were asked which were their 3 most important crops from an overall livelihoods perspective (i.e. not just for own consumption; could be from sales also) average of 6.5 months, followed by Lushoto (Tanzania) with an average of 5 months and the Kagera River Basin site (Uganda), with an average of 4 months. The two sites with the lowest average food deficit months were the Albertine Rift site (Uganda) and Nyando (Kenya) with 2.5 and 2 months, respectively. In terms of the variation between villages, Nyando was surprisingly homogenous, whereas villages in Borana ranged from an average of 2-8 food deficit months (Fig. 2) . Sites also differ with respect to the total number of farming systems changes they have made in the last 10 years (Fig. 3) . The most innovative households (those making the most changes over the last 10 years) were found in Lushoto, Tanzania with an average total number of changes of 20. Households in Nyando and the Kagera Basin were found to have made a similar number of changes (14 and 13, respectively). Households in the Albertine Rift reported an average of 10 changes. The least innovative households were found in Borana with an average of only five changes. Variation between villages was found to be similar in all sites.
When comparing the innovativeness (average number of farming systems changes carried out over the last 10 years) between these groups (Fig. 4) , it was found that households that experienced fewer than eight food deficit months were more innovative than households that experienced eight or more food deficit months.
2 While Fig. 4 clearly shows a strong negative association between these two variables, the choice of which variable should be the independent variable and which the dependent is an arbitrary one, as we have no evidence to support a specific direction of the causal relationship between innovativeness and number of food deficit months.
The results of modeling first the set of factors explaining variation across households that experience more food deficit months than others (Model F in Table 3) , and the second, those that explain why some households are more innovative than others (Model I), showed that the data was better in explaining differences in innovativeness (Model I), with 55 % of the variance accounted for. Model F, investigating differences in food deficit months, explained only 40 % of the overall variance of the data set. The results of the two models are summarized in Table 3 . As expected, the site variable is a major source of variation in both F and I, and is basically capturing the variation between sites that is not accounted for by other variables (Table 3) . Environmental data were not collected from the different sites during the baseline study and thus we are unable to identify critical environmental parameters such as overall rainfall, timing of rainfall, soil quality, etc. that likely influence both innovativeness and food deficit months experienced. Even within a 100 km 2 area, these factors vary considerably. However, an analysis of satellite and climate data, as well as soil and land health measures from field surveys using AfSiS methods (African soils information survey, see www.africasoils.net), is underway to look at the influence of within-site measures of rainfall, soil degradation, soil carbon and elevation. For Model F, the site variable explained 60 % of the variation in food security between households, land size explained 18 %, and household size explained 11 % of the Fig. 2 Average number of food deficit months and variability around the mean by village and site. Error bars indicate the 95 % confidence interval of the mean Fig. 3 Average number of total farming practice changes (Innovativeness) across East African sites and villages. Error bars indicate the 95 % confidence interval of the mean variation. Also significant, but explaining less than 10 % of the variation, was innovativeness.
For Model I, the site variable was less important. Site explained 37 % of the variation in innovativeness, with number of cash income sources explaining 16 %, the number of different agricultural products produced explaining 17 %, and number of information-related assets (e.g. radio, TV, cellphone) owned by the household explaining 19 % of the variation in innovativeness among households.
Other significant explanatory variables for innovativeness include the number of natural-resource/farm management groups that household members belong to, and whether the household has an on-farm source of agricultural water. The results suggest the number of different cash income sources and food deficit months are also important, although at a lower level of significance.
Given that our data suggest that more innovative households are more likely to be food secure, exploring exactly what changes they have been making can provide useful information to decision-makers as to the kinds of investments that could be further encouraged and supported. As the numbers and types of changes made vary across sites, and few studies look across the range of adaptive changes, smallholders are making in different environments, we now look in more depth at what kinds of changes these households have been making.
What changes are being made?
While not all types of farming system changes are relevant to all areas, these data do offer us a snapshot of what kinds of experimentation and improvements households have been making in their farming practices over the last 10 years (see Table 1 in the supplementary information for the detailed list of possibilities), Table 4 *variable excluded in model as it had no effect, but was inflating the R 2 within each site. Table 5 shows the changes being made to livestock management.
Crop-related changes With respect to crop-related changes (e.g. varietal changes, timing of planting changes, soil/land management changes, improved agricultural inputs, changes in land area, and water management changes), we can see a lot of adoption of new practices in the Lushoto site in northeastern Tanzania, where a total of 30 different changes in these practices were taken up by at least 15 % of Table 4 Crop-related changes introduced in last 10 years (% of households a )
Changes made by less than 15 % of households have been excluded. Colors -Green:timing of planting changes, brown:soil/land management changes, pink:improved agricultural input, grey:varietal changes, blue:water management changes, dark grey:changes in land/area planted households. The least number of changes were made in the Ethiopia site, where only eleven different changes were mentioned. Across the five East Africa sites, most of the farming system changes mentioned relate to either the timing of land preparation or planting, or to changes in the varieties being planted. Varietal changes In Uganda, we see the introduction of drought tolerant, shorter cycle, and disease resistant varieties are fairly widespread innovations taken up by farming households over the last 10 years.
Planting changes Changes to the timing of either land preparation or planting have been commonly made, particularly in Nyando, Lushoto and Borana. In Nyando and Lushoto, earlier planting and land preparation have been widespread changes mentioned by over 80 % of households.
Soil and land management changes Changes to soil and land management are also widespread across all of the five sites, although they are generally being mentioned by fewer households than varietal or timing changes. For instance, the introduction of intercropping is a common change made in Lushoto (88 % of households), Nyando (71 %), the Albertine Rift (35 %) and Borana (27 %).
In contrast, only in Ethiopia is expansion of cropping area still a key strategy being pursued, by 50 % of interviewed households. The introduction of manure and/or composting was mentioned by 83 % of households in Lushoto and by 50 % of households in the Kagera Basin. In general, we see that although a number of practices are common across many of our sites, the particular "cluster" of changes that are occurring in each site are unique.
Water management-related changes These are rarely being adopted across all sites, and irrigation is rare, with the exception of Lushoto, where nearly half of households report having introduced irrigation in the last decade. The only other water management-related change mentioned is the introduction of micro-catchments in Lushoto (28 % of households) and Kagera Basin (22 %). The introduction of crop cover (a key component of conservation agriculture) is also not yet being widely adopted. It appears that relatively few improved soil, water and land management practices have been adopted across the five sites.
Introduction of purchased, improved agricultural inputs
Here we see relatively widespread adoption of pesticides and herbicides in Tanzania and both Ugandan sites. The introduction of chemical fertilizers only shows up as important in Tanzania (52 %). In Borana, there was little or no mention of the introduction of improved agricultural inputs in the last decade as a key farming system change. Table 5 shows the changes being made to the management of farm animals across the five sites. In general, fewer households are reporting significant changes in livestock management than cropping practices, but there is variation.
Changes in livestock
The most frequently cited change to livestock management practices seen across East Africa has been a reduction, or contrarily, an increase in herd size, except in the Ethiopia and Tanzania sites. For instance, in Nyando, over half of the households mentioned a reduction in herd size over the last decade.
Changes to herd composition Introducing new species or stopping husbandry of particular species are changes that are widespread across all sites. Changes in the breed of farm animal kept are most pronounced in Lushoto, where 47 % of households have introduced new breeds.
Feed management changes These are most frequently made by households in Borana, Lushoto and Nyando. Cut and carry systems and growing fodder crops are new practices that have been adopted by over half of households in Lushoto. Cut and carry is also a common practice that has been introduced by 18 % of households in Nyando and 12 % of households in the Kagera Basin. In Borana, improved pasture is the most significant feed management change, adopted by 36 % of households. Stall feeding has been adopted by over one third of the Tanzanian households (and is seen elsewhere, but not to such a great extent).
The survey also asked about the number of trees planted on-farm over the last year (Table 6 ). The trend seen is towards the majority of households planting none, or just a few trees, although there is quite a variation across sites (in the Ethiopia site, for example, it seems that there must have been some kind of a program giving 1-10 tree seedlings to each household). In Uganda, Tanzania and Kenya, however, 14-23 % of households planted up to 50 trees in the last year. Very small percentages of households said they had planted more than 50 trees, although a surprising 10 % of the southern Uganda site households cited planting more than 100 trees.
Discussion
As few surveys are able to ask the same questions across very diverse sites and countries, these data, while fairly limited in depth, are broad in scope and offer a useful snapshot of what a random selection of households has been doing in terms of changing their agricultural practices over the last decade.
The magnitude of behavioral change (i.e. changes in farming practices) appears to be limited to actions that are fairly easy to take without major disruptions to the farming system or substantial changes to land, labor or water allocation. Many farmers are preparing their land and planting earlier than they used to, although many others also report planting later than they used to. Intercropping has become widespread. Shifts in crops and varieties have happened quite widely. These are interesting findings that could be related to improved availability of superior germplasm, or adaptations to a changing climate, or both, and the details of these shifts need to be explored further.
Livestock management changes are also occurring, but are dominated by changes in herd size. Stall feeding and the practice of 'cut and carry' animal feeding have also been taken up fairly widely in some places. Changes in the types of animals being raised and in adopting new breeds are also happening, but are not that widespread. Because these kinds of shifts are potentially important in terms of both climate change adaptation and mitigation, the reasons behind these changes warrant further exploration.
Uptake of more significant soil, water, land improvement, and conservation measures is rather low according to our data. Introduction of manure/composting, mulching, and rotations are the changes that are seen most frequently across these sites. The trade-offs between practices aimed primarily at increased productivity, such as through increased use of fertilizers or introduction of irrigation (that is only happening in a few places), and practices aimed at more sustainable use of water and soils, such as use of crop cover and terracing (also not widespread), suggest that further research is needed that focuses on households that have taken up these practices.
In terms of agroforestry practices, the data show that many of the surveyed households are indeed planting trees on their farms, but not very many of them. Given the potential multiple livelihood benefits along with the importance of trees for helping to mitigate the impacts of climate change, the follow-up community-level surveys that focus on gender, equity and institutional issues will contribute to the knowledge base regarding constraints to more widespread uptake of such practices.
We found a strong negative relationship between the number of food deficit months and the number of management changes made by the household in the past decade. The implications of this raises issues for further exploration with policymakers and others working on agricultural development and enhanced food security across East Africa. In particular, the direction of this relationship, likely to be both ways, and which we cannot tell from our dataset, would appear to matter considerably.
If household food security is thus dependent to some extent on ability or willingness to innovate, a policy implication is to take a closer look at who and where these 'innovative' households are, and what exactly the innovations are that they are pursuing, and target support towards them in the aim of 'scaling out' the kinds of innovations and change that positively influence food security more broadly. This is the thrust of interventions aimed at identifying and strengthening institutional arrangements that improve the access of smallholders to technical and management information, capital and financing, labor and regional markets, where there are many examples of success in East Africa (such as Spielman and Pandya-Lorch 2009; Kaitibie et al. 2010 ). As Jayne et al. (2006) suggest, the success of farmer-driven organizations and how well they coordinate with both public and private sector players to streamline the food system without excluding smallholders, will play a key role in whether or not small farms are able to take up improved practices that will allow them to adapt to their changing circumstances and, in the longer run, to a changing climate as well.
If it is also true that less food secure households are less likely to be able to innovate: this suggests that some kinds of safety nets are probably needed before these households will be able to make any changes to their farming practices that will result in their being better adapted to changing circumstances. This means prioritizing investments in programs targeted at poor or vulnerable households, such as transfers of cash, vouchers, food, or other goods, as suggested by poverty dynamics research in the region (Barrett et al. 2006; Kristjanson et al. 2010) .
It is probably the case that the direction of causality between food security and innovation is different in different places, and in reality, we need to understand both the factors that enable and facilitate innovation as well as the circumstances under which households fall into and rise out 0  0  46  55  55  20  1 to 10  100  24  14  24  47  11 to 50  0  22  23  14  15  51 to 100  0  3  3  5  8  100+  0  5  6  2  10 of poverty. Given the relatively limited resources allocated to the agricultural sector in the region, these are key challenges to enhanced and sustainable agricultural production and food security. Further analysis of the data, looking at specific changes by crop in each site, linked to the reasons why households said they made those changes (e.g. labor, land, market, weather-related) is underway to shed some further light on these issues.
Conclusions
The CCAFS household-level baseline survey asked family members what they are doing and why, but was not able to delve into the details of the changes made (e.g. plot to plot differences in specific planting or soil management practices), or who makes and/or benefits from them. Further community-level studies are underway in these same sites that focus on institutional and gender-related issues aimed at addressing some of these gaps, as well as analyses linking biophysical data such as land health and soil carbon measures (derived from satellite images linked to field data) with socioeconomic data to further examine drivers of land degradation, poverty and food security. Nevertheless, several conclusions can be noted. First, many households in the region are already adapting to changing circumstances. The context of the baseline work undertaken relates to climate change, and we found that households' behavioral responses to the drivers of change that are operating may be somewhat related to climate change, but the signals are mixed (e.g. some households are planting earlier and some later in the same places, for example). Clearly climate change is only one of several key driving forces behind the changes seen and it is very difficult to disentangle the relative importance of different driving forces.
Second, there are considerable differences between research sites in relation to what households are doing now that they were not doing 10 years ago. The changes made by households tend to be marginal, rather than transformational, and the lack of uptake of well-tested and widely-disseminated soil, water and land management practices is cause for concern.
Third, there is a strong negative relationship between proxies for household food security and innovation -a high number of food deficit months relates to few changes in farming practices. While we are not able to infer anything about the direction of causality in this relationship, and the resulting policy implications are somewhat different (a focus on safety nets and poverty dynamics on the one hand versus understanding and enabling innovation), both are likely to be needed in most places. This paper moves the agenda forward by contributing to the limited existing evidence that, while farming systems are highly dynamic, as we knew, people are already adapting to their perceptions of the drivers of change, largely through incremental changes to farming practices, particularly diversification, if they are able to. Food security and innovation are related but in complex and possibly bi-directional ways, thus more than one approach is needed to identify what specific improved farming practices and technologies help, and where-key questions for identifying interventions that help with widespread food security challenges.
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